Introduction
Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease of childhood, with JIA-associated uveitis (JIA-U) its most frequent extra-articular manifestation [1, 2] . Pediatric uveitis is a topic of special interest not only because of the unique diagnostic and therapeutic challenges but also because of the lifetime burden of vision loss if the problem is not adequately treated, as well as the economic and psychological toll on the family and society as a whole [3] . Uveitis is the fourth most common cause of blindness in developed countries [4] .
The causes of uveitis are numerous (approximately 50), and include HLA-B27 positivity, tubulointerstitial nephritis, Behçet's disease, sarcoidosis, and viral, parasitic and bacterial factors [5, 6] . Smith et al [7] found that idiopathic uveitis, JIA-U, and pars planitis were the leading diagnoses in pediatric uveitis. JIA-associated uveitis accounts for 20% to 25% [7, 8] and even as much as 39.4% [9] of cases with pediatric uveitis. Major risk factors for the development of uveitis in JIA are oligoarticular pattern of arthritis, an age at onset of arthritis of less than seven years of age, and antinuclear antibody (ANA) positivity [8, 10] .
It has been found that uveitis appeared simultaneous with or within the first 6 months of arthritis onset in almost half (48%) of cases of JIA [11] . Approximately 12% to 38% of patients with JIA develop uveitis in seven years following onset of arthritis [8, 12] . In the initial stages of mild to moderate inflammation, uveitis is not timely diagnosed [8] .
However, the underlying pathogenic mechanisms remain unclear, particularly regarding interplay between genetic and environmental factors. Work is in progress on updating novel (a) risk markers for pediatric inflammatory uveitis and severe disease course, (b) approaches to the treatment of resistant disease, and (c) criteria for the measurement of imaging endpoints and assessment of therapy efficacy. There are several new genetic markers, biomarkers and clinical factors that may influence a child's uveitis disease course [13] .
In a large cohort of patients with JIA [11] , anterior uveitis was the most common anatomic type of uveitis (83%), whereas intermediate uveitis (9%), posterior uveitis (1%) and pan-uveitis (7%) were less frequent.. In a study by Cosickic et al [12] , 78% of children with JIA-U had bilateral uveitis.
This condition is usually asymptomatic [10, 12, 14] , and thus screening for JIA-U in at-risk patients is paramount. Early detection and treatment aims to stop inflammation and prevent the development of complications leading to visual loss. Complications of JIA-U include cataracts, glaucoma, optic disc edema, retinal detachment, epiretinal membranes, amblyopia, linear keratopathy, hypotony, etc [10, [15] [16] [17] . In 30% to 50% of children with JIA-associated uveitis structural complications are present at diagnosis. Of these, about 50% to 78% will eventually complications [8, 9, 18, 19] .
Uveitis treatment strategies for patients with JIA are still widely discussed. Glucocorticosteroids are probably the most widespread treatment, but, since they have substantial side effects and low efficacy in achieving disease remission, resorting to immunosuppressive treatments is a frequent practice [3, 4] . There is an increasing amount of evidence supporting early use of immunosuppressive treatments to reduce the use of topical and systemic glucocorticosteroids. Findings of some studies suggest that although giving oral GCS in sufficiently low doses (i.e., ≤7.5 mg/day) for long periods is safe, it is of low efficacy; therefore, immunosuppressive agents should be used as a part of early treatment for uveitis [5] . This includes disease-modifying antirheumatic drug (DMARD) therapy (principally methotrexate) and biological agents targeted at particular cytokines (most commonly, monoclonal antibodies targeted against TNF-α).
Adalimumab is used in the management of noninfectious, intermediate, posterior and pan-uveitis uveitides and considered more efficacious than other biological agents [5, 20] . A study on the analysis from the UK Childhood Arthritis Prospective Study (CAPS) [21] has reported that the percentage of patients prescribed biologics for JIA increased to 16%-38%. Evidence has been reported [20, 22, 23] supporting the use of biologics (in particular, adalimumab) in patients with early onset, chronic anterior uveitis, which was in most cases associated with JIA, in case of inadequate response to topical therapy and methotrexate, with improved long-term control of disease. In addition, the incidence of visual impairment and ocular complications was lower and improvement was observed earlier than in other studies [16, 22] , and special attention was given to long-term treatment outcomes. The SITE study [19] has concluded that increasing uveitis activity was associated with increased risk of vision loss and use of immunosuppressive drugs was associated with reduced risk of vision loss suggesting that control of inflammation and use of immunosuppression may be critical aspects in improving the outcomes of patients with JIA-related uveitis. Severe intraocular inflammation, chronicity of uveitis at a young age, late first visit to an ophthalmologist, ocular complications, and posterior uveitis are among the factors causing blindness in children with uveitis [15] . That is why observation of patients with JIA-associated uveitis should be guided by the current Single Hub and Access point for pediatric rheumatology in Europe (SHARE) consensus-based recommendations for diagnosis, screening, disease activity measurement, and treatment [24] .
The purpose of the study was to investigate the features of the clinical course of and the state of eye care for patients with JIA-associated uveitis based on the data from the Pediatric and Adolescent Health Institute of the NAMS of Ukraine.
Materials and Methods
We analyzed the results of monitoring 121 patients ( 
Results and Discussion
Girl patients outnumbered boy patients (Table 1) , which agrees with the literature [25, 19] .
In 17 (80.95%) of the examined JIA patients with uveitis, JIA onset age was younger than 6 years, and mean JIA onset age was significantly younger than in JIA patients without uveitis (2.89±0.26 years vs 6.43±0.4 years, р<0.05), which agrees with other studies [25] .
In the CARRA registry [26] , of the 3967 patients with JIA, 11.6% had uveitis. In addition, systemic, polyarticular, oligoarticular, psoriatic and enthesitisrelated subtypes accounted for 1%, 24.9%, 57.1%, 6.9% and 7.6%, respectively, of the JIA-U patients.
In March, 2018, the Ukrainian Registry of Patients with JIA involved 437 patients with JIA from 33 regional centers; of these patients 14.43% had uveitis. In addition, polyarticular, oligoarticular, enthesitis-related subtypes accounted for 55.56%, 23.81% and 6.35%, respectively, of the JIA-U patients. Moreover, of the JIA-U patients, 55.6% experienced the onset of uveitis before the onset of arthritis, 19.05% developed uveitis after the onset of arthritis, and 25.4% were unaware whether the onset of uveitis preceded or followed the onset of arthritis. In children who developed uveitis before the onset of arthritis, the maximum time between the onset of uveitis and the onset of arthritis was 8.67 years. In children in whom uveitis was diagnosed after the development of arthritis, the interval ranged from one month (31 days) to 5.25 years.
Our findings are generally in line with those from the CARRA Registry [26] and the Ukrainian Registry of Patients with JIA. The overall prevalence of uveitis in our JIA cohort (17.35%) was somewhat higher than those reported from the above registries. In addition, polyarticular (RF-negative only) and oligoarticular subtypes accounted for 56.87% and 43.13%, respectively, of our JIA-U patients.
However, in most of our JIA-U patients, the onset of ocular involvement was not recorded, and ocular involvement was diagnosed only after visiting a cardiorheumatologist. Only in 3 (14.29%) patients, it was an ophthalmologist who diagnosed uveitis as a JIA-associated condition, which was followed by administration of relevant medications.
Most (85.7%) JIA-U patients were asymptomatic. Chronic keratic precipitates and posterior synechiae were found in 38.09% and 42.85%, respectively, of cases. In addition, posterior synechiae were found in 42.85% of cases, which is in agreement with the data reported by others (29% -52% [19, 25, 27] ). The frequency of complications of uveitis is presented in Figure 1 .
Uveal cataract was the most common complication (57.14%), followed by corneal degeneration (33.33%), macular edema (28.57%), ocular hypertension/ secondary glaucoma (19.05%), optic nerve edema (14.28%), hypotony (14.28%), vitreous fibrosis (9.52%), and retinal detachment (4.76%). This is in agreement with the findings by others who found that cataract, corneal degeneration, and macular edema were the most common complications in patients with JIA-U [1, 25, 27, 28] .
In the study by Angeles-Han et al [25] , cataract, corneal degeneration, glaucoma and macular edema were found in 31%, 25%, 17%, and 15%, respectively, of the 52 patients with JIA-U. Gregory et al [19] examined 327 children with JIA-U, and revealed corneal degeneration, macular edema, hypotony and ocular hypertension in 31.4%, 5.4%, 4.5%, and 18%, respectively, of these patients. In addition, 40.1% of these patients underwent cataract or glaucoma surgery.
Frequencies of corneal degeneration and glaucoma (33.33% and 19.05%, respectively) in JIA-U patients of the current study are generally in line with those reported by others. However, the frequencies of macular edema (28.57%), optic nerve edema (14.28%) and hypotony (14.28%) are substantially higher than those reported by others.
A study by Skarin et al [28] found that frequencies of cataract and uveitic glaucoma in patients with JIA-U increased with uveitis duration, and cataract was present in 51%, whereas uveitic glaucoma was present in 22% at 24 years, which agrees with our findings (cataract was present in 57.14%, and ocular hypertension and glaucoma were present in 19.05% of our patients with JIA-U). However, a study by Stroh et al [29] reported that the frequency of ocular hypertension or secondary glaucoma in patients with JIA-associated uveitis can be as high as 40%, which is two times as high as our value.
Therefore, children with JIA-U are commonly asymptomatic, and the disease is characterized by frequent complications.
In the current study, the mean JIA onset age was 5.21±0.18 years (63.53±2.19 months), and the mean age at treatment onset was 6.92±0.19 years (86.02 ±2.44 months). In addition, the mean interval between age at diagnosis and initiation of methotrexate therapy, the gold standard for treating children with JIA, was 23.31±1.36 months. That is, administration of correct treatment occurred on average 1.7 years later than it should have, and the treatment lag was much longer than the window of opportunity [30, 31] .
The JIA treatment protocol requires that methotrexate is administered from diagnosis at relevant doses in combination with local therapy. Poor treatment efficacy in the presence of threatening factors in the form of HLA-B27 or ANA positivity, or unfavorable locations of articular lesions, requires biologics administration 6-12 months after the onset of the pathological process [32] .
In the current study, we found that, in children with JIA-U, the frequency of administration of biologics was 57.14%, with a mean time from disease onset to administration of biologics of 2.67±0.79 years. In addition, it should be noted that there were isolated cases of administration of adalimumab for persistent inflammation 13 years from the onset of JIA and 9 years after diagnosis of uveitis.
According to the Ukrainian registry data, in Ukraine, 44 children with JIA-U (69.84%) are administered biologics. This percentage is the highest among JIA subtypes, and the children with JIA-U administered biologics account for 15.77% of all children with JIA administered biologics. However, with regard to the Ukrainian registry, the mean time from disease onset to administration of biologics was 6.88 years. That is, biologics were administered too late after disease onset, at the time when irreversible ocular changes have already occurred.
It should be noted that, the frequency of administration of biologics (57.1%) in our patients was in line with the value from CARRA Registry (56%) [33] , although somewhat lower than the value from the Ukrainian registry (69.8%). In addition, the mean time from disease onset to administration of biologics in our patients with JIA-U (2.7 years) was 2.5 times less than the value for patients with JIA-U from all over Ukraine (6.9 years), evidencing that biologics were timely administered.
Conclusion
Therefore, patients with JIA-U are asymptomatic, which makes diagnosis difficult, and may develop severe ocular complications. Our JIA-U patients were found to have frequent complications, with uveal cataract being the most common (57.14%), followed by corneal degeneration (33.33%) and macular edema (28.57%).
In our cohort of patients with JIA-U, frequencies of macular edema (28.57%) and optic nerve edema (14.28%) were substantially higher than those reported by others, possibly due to the uveitis course in these patients, and a wider administration of biologics may reduce the values.
This study not only highlighted the features of the course of JIA-associated uveitis, it also indicated the need for cooperation between specialties in the management of the condition and timely prescription of appropriate therapy. The authors certify that they have no conflicts of interest in the subject matter or materials discussed in this manuscript. 
